limited to the area surrounding the narrowed or blocked epicardial artery. This is confirmed by angiographic images of collateral bypasses in patients with advanced occlusion of the main arteries. The role of arteriogenesis in collateral circulation development is important in ischemic and hypoxic organs affected by atherosclerosis. When an occlusion occurs in an existing vessel, blood is directed into other vessels, filling all the patent, but not fully developed vessels. The process of their maturation is stimulated by a number of factors affecting the endothelium and smooth muscle cells of the vessel wall. The best conditions for collaterals formation involve increased fluid shear stress and stimulation of bone marrow-derived cells [4] . In the course of arteriogenesis, perivascular macrophages produce monocyte chemotactic protein MCP-1 and basic fibroblast growth factors, bFGF and VEGF, which are important mediators of arteriogenesis, but probably to a lesser degree than angiogenesis [5, 6] .
Angiogenesis results in the formation of small, intramyocardially spreading vessels with thin walls. Collaterals formed in the process of arteriogenesis exhibit low resistance, while angiogenesis results in the formation of a high-resistance vascular bed. Angiogenesis is dependent on the interaction of endothelial cells, angiogenic mediators, cytokines, growth factors and cell adhesion molecules [7] . Many studies have shown that inflammation may also contribute to the formation of new blood vessels. The influx of inflammatory cells such as macrophages, monocytes and platelets, leads to the release of numerous cytokines that stimulate the release of proangiogenic factors [8] .
Chung et al. showed that the levels of angiogenic factors and thus the development of collateral circulation were greater in patients with chronic ischemic heart disease [9] . In patients with ischemic heart disease who developed collateral circulation, the level of anti-angiogenic factors was 40% lower than in patients lacking the collaterals [10] .
With this group of patients in mind, many research centers are striving to develop alternative methods of restoring coronary vasculature. Collateral circulation plays an immensely important role in limiting the ischemic zone and myocardial infarction size. Charney and Cohen observed patients undergoing coronary angioplasty and found that transient myocardial ischemia was better tolerated in patients with collateral flow than in those without. The collateral circulation also reduced the risk of perioperative infarct rate and death during coronary artery bypass grafting [11] . Looking for neovascularization stimulating factors is, in fact, looking for a potential innovative treatment method, especially for those patients in whom traditional invasive surgical and pharmacological therapy is ineffective [12] .
Aim of the Study
The purpose of this study was to assess changes in serum concentrations of pro-inflammatory factor IL-6, growth factors FGF (FGFa, FGFb, FGFbH), HGF and VEGF and endostatin in patients with heart failure in relation to the coronary collaterals development stage.
Material and Methods
This study included 22 patients admitted to the Department of Cardiology, Wroclaw Medical University, with a diagnosis of chronic heart failure NYHA stage II or III (mean age 62.5 ± 11.6 years), including 8 women aged 49-81 years (mean age 69.26 ± 9.5 years) and 14 men aged 41-86 years (mean age 60.0 ± 11.3 years). Twelve patients were diagnosed with heart failure due to ischemic heart disease and 10 patients suffered from idiopathic dilated cardiomyopathy. In the group of patients with heart failure, the mean left ventricular ejection fraction (LVEF) was 33.5% ± 7.4%. The control group consisted of 8 age-matched participants, 2 women and 6 men (mean age: 58.4 ± 10.7 years), without heart failure, diagnosed for ischemic heart disease. The mean LVEF in this group was 57.5% ± 2.7%.
The study excluded individuals with acute renal failure and stages 4 and 5 of chronic kidney disease, thyroid disease, neoplastic disease, acute inflammatory disease, treatment history of steroids and immunosuppressive drugs and extremely high blood glucose levels exceeding 400 mg/dL.
The study protocol was granted the consent of the local Ethics Committee and research was conducted in accordance with the Declaration of Helsinki.
Coronary angiography of the studied groups was performed using a standard method of puncturing the femoral artery. To appropriately visualize the coronary arteries, a contrast medium was selectively administered to the left coronary artery, followed by the right coronary artery. Injection recordings were carried out in standard projections (LAO 60° and 90°, RAO 30°) and supplemented where necessary with additional injections for imaging distal or overlapping fragments of vessels. If any atherosclerotic lesions were found, vessel stenosis was assessed based on digital image analysis of a QCA (Quantitative Coronary Angiography) image. Stenosis exceeding 60% was deemed angiographically significant.
The presence and grade of collateral circulation were assessed by the four-level scale proposed by Rentrop and Cohen [13, 14] . Angiograms were evaluated by two doctors without access to clinical data (Table 1) .
To determine the level of the studied factors, blood samples were collected from each patient during the angiographic procedure. Blood samples were taken from the femoral artery (sample 1), the left main coronary artery or the initial segment of the LAD (sample 2) and a peripheral vein (sample 3). After collecting blood into SST tubes, the samples were left for 30 min for clotting. The samples for IL-6, VEGF, FGFa, FGFb, FGFbH and endostatin were then centrifuged for 15 min at 1000 × g and the serum was stored at ≤ -20 o C. HGF samples were centrifuged for 10 min at 1000 × g and the serum was stored at ≤ -70 o C.
The concentration of IL-6 was determined using ELISA assay (R&D Systems, Inc., Catalog Number DHG00); inter-assay precision was 1.6-4.2% and intra-assay precision was 3.3-6.4%. The concentration of VEGF was determined using ELISA assay (R&D Systems, Inc., Catalog Number DVE00); inter-assay precision was 4.5-6.7% and intra-assay precision was 6.2-8.8%. The concentration of endostatin was determined using ELISA assay (R&D Systems, Inc., Catalog Number DNST0); inter-assay precision was 3.6-6.9% and intra-assay precision was 5.7-7.9%. The concentration of FGF basic high sensitivity (HFGFb) was determined using ELISA assay (R&D Systems, Inc., Catalog Number HSFB00D); inter-assay precision was 3.5-7.7% and intra-assay precision was 4.7-8.2%. The concentration of FGF basic (FGFb) was determined using ELISA assay (R&D Systems, Inc., Catalog Number DFB50); inter-assay precision was 3.0-9.7% and intra-assay precision was 7.4-9.1%. The concentration of FGF acidic (FGFa) was determined using ELISA assay (R&D Systems, Inc., Catalog Number DFA00B); intraassay precision was 2.3-7.2% and inter-assay precision was 8.4-8.6%. The concentration of HGF was determined using ELISA assay (R&D Systems, Inc., Catalog Number DHG00); inter-assay precision was 4.1-7.0% and intra-assay precision was 5.4-8.4%.
Within 48 h after admission, trans-thoracic echocardiography was performed in all of the patients using a Vingmed System 5, General Electric device equipped with a 2.5 MHz probe. The EF was determined using the standard formula: EF = (LVEDV -LVESV)/ LVEDV × 100%, where LVEDV is left ventricular end-diastolic volume and LVESV is left ventricular end-systolic volume. LVEDV and LVESV were calculated using the biplane Simpson method, in which a computer determined the left ventricular volume using approximately perpendicular cross-section areas of the left ventricle in apical two-and four-chamber views, determined by an investigator.
Statistical Analysis
Calculations were made using the statistical software, STATISTICA v. 5.0. Measurable analyzed parameters were characterized using the arithmetic mean and standard deviation. For parameters whose normal distribution was confirmed by the Shapiro-Wilk test, the differences between the two groups were assessed using Student's t-test for independent variables, after testing equality of variances with the Fisher-Snedecor test. When normal distribution was not confirmed, the nonparametric Mann-Whitney U test or ANOVA Kruskal-Wallis rank test was used.
The assumed level of statistical significance was p < 0.05. 
Results
The results are shown in Tables 2-4 .
The concentration of IL-6 in the peripheral blood (sample 1 and sample 3) was significantly higher in the heart failure patients than in the control group (p < 0.001). In addition, IL-6 serum levels in all 3 studied blood samples were significantly higher in patients with NYHA III HF as compared to the NYHA II group (p < 0.02). The serum IL-6 concentration was, however, significantly lower in patients with collaterals grade 1 or 2, as assessed by the Rentrop scale (p < 0.03 and p < 0.04).
Patients with heart failure exhibited higher serum concentrations of FGFbH (from p < 0.03 to p < 0.01). The serum concentration of FGFbH was also significantly higher in patients with collaterals grade 1 or 2, as assessed by the Rentrop scale (p < 0.02).
The serum levels of endostatin, FGFb, FGFa, VEGF and HGF did not differ significantly in any of the samples for the patients with heart failure and the control group. However, the serum VEGF level in NYHA III patients was significantly higher than in NYHA II individuals (from p < 0.03 to p < 0.01).
The ANOVA Kruskal-Wallis rank test revealed significant correlations between the levels of IL-6, endostatin, FGFbH, HGF and VEGF and the presence of collateral vessels.
Discussion
The main arteriogenesis-inducing factor is increased shear stress in vessels and the result is the formation of collateral arteries far from the ischemic area [15] . The acute phase of the systemic response is mediated by proinflammatory cytokines, particularly IL-1 and IL-6, acting in a complex manner [16] . Proinflammatory cytokines, produced within inflammation areas [17, 18] , are potent autocrine and paracrine agents and may affect vascular function [19, 20] .
IL-6 was suspected of exhibiting angiogenic activity, as high levels of this interleukin were determined within the areas of the endothelium where enhanced angiogenesis was observed. Such processes take place, for example, during wound healing or in carcinogenesis (Kaposi's sarcoma) [21] . Aoki et al. published the results of an experiment in which they inoculated athymic mice with cells transformed to secrete IL-6 and found that they stimulated the growth of more vascularized tumor-like lesions [21] .
The mechanisms by which IL-6 stimulates angiogenesis are complex, but a number of growth factors with known angiogenic properties, such as HGF, EGF and VEGF, stimulate the activation of STAT3 factor (signal transducer and transcription 3 factor) [22, 23] . The ability of IL-6 to induce full angiogenic activity in ex vivo and in vivo models was also tested [17] . It was hypothesized that IL-6 may directly affect individual components of the vascular wall, thus contributing to the prevention of ischemic episodes. Our study compared the release of IL-6 and collaterals formation during the arteriogenesis process. In patients with heart failure, IL-6 serum concentrations in peripheral arteries and veins were significantly higher than in healthy subjects. Levels of IL-6 were also significantly greater in all vascular territories in patients with HF and higher NYHA classes than in those with developed collateral circulation. Our observations revealed that the role of IL-6 in the pathophysiology of heart failure was not associated with arteriogenesis progress, despite its expected effect on the vascular wall.
VEGF is a potent mobilizer of stem cells and progenitor cells. In the study by El-Melegy et al., significantly higher VEGF levels were found in children with congenital heart disease and developed collaterals [24] . Patel et al. reported that serum VEGF levels did not correlate with objective markers of left ventricular function, but were significantly lower in patients with ischemic heart disease accompanied by heart failure [25] . Furlani et al. [26] described an experimental canine model of myocardial infarction in which an induction of therapeutic angiogenesis by intramuscular administration of VEGF resulted in the maintenance of left ventricular function. An increased number of capillary vessels within the myocardium was observed, especially in the transition region between the infarcted and normal myocardium, while the number of arterioles was significantly lower than in the control group [26] .
Our study showed significantly higher levels of serum VEGF in patients with more advanced stages of heart failure. One of the latest studies evaluated the efficacy and clinical significance of administration of the VEGF encoding gene [27] . The authors reported a significant improvement in myocardial perfusion in patients who received VEGF in combination with adenoviral vector after 6 months. Enhanced VEGF concentration in patients from higher NYHA classes can be associated with its repair properties, and the absence of elevated concentration in patients with collaterals seems to be associated with greater capillary circulation area, rather than the formation of arterioles.
One of the most important functions of FGF is the stimulation of endothelial cell proliferation and organization of the formed cells into tubular structures to induce angiogenesis. FGF1 and FGF2 are more potent stimulators of angiogenesis than VEGF and PDGF. The efficacy and safety of FGF1 was evaluated in 40 patients with three-vessel disease undergoing CABG. Twenty patients in this group received an FGF1 injection near the left descending coronary artery anastomosis. Pecher et al. concluded that after three years, the network of blood vessels resulting from the application of FGF1 was clearly visible and the followed patients presented better exercise tolerance and increased left ventricular ejection fraction [28] . In our observations, FGFbH serum levels in all three blood samples were significantly higher than in the control group. Moreover, in patients with developed collaterals and heart failure, FGFbH concentration in the coronary arteries was higher, which may indicate not only a stimulating role of FGFbH in angiogenesis, but also in arteriogenesis.
A meta-analysis by Meier et al. showed that the presence of collaterals in patients with ischemic heart disease reduced mortality [29] . According to W. Schaper, who commented on the above meta-analysis, if the prognosis in patients with collaterals is better than with CABG, and maybe even stenting, then there is a chance for improved prognosis for the patients in whom heart failure progresses when other treatment options have been exhausted [30] .
Limitations
The main limitation is the small size of our group of patients. Additionally, we cannot exclude the effects of drug therapy on our results. Our findings help to advance knowledge on this topic and are of potential practical value.
The authors concluded that higher levels of pro-inflammatory factor IL-6 and growth factor FGFbH were observed in patients with heart failure, especially in the more advanced stages of HF. The concentrations of pro-inflammatory factors, growth factors and endostatin were significantly associated with the presence of coronary collaterals; however, a direct relationship was demonstrated only for higher levels of FGFbH and collaterals formation. Collaterals formation is associated with the activation of pro-inflammatory factors, growth factors and endostatin.
